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We previously showed that two proteins with molecular weights of 56 and 58 kDa are produced from nonstructural protein
5A (NS5A) derived from hepatitis C virus (HCV)-1b genotype. The 56-kDa protein is phosphorylated at serine residues in
NS5A, including those located in the C-terminal region of NS5A, while the 58-kDa protein, the hyperphosphorylated form of
the 56-kDa protein, is phosphorylated at serine residues in the central region. This hyperphosphorylation is dependent on the
presence of HCV NS4A protein. To clarify whether NS4A-dependent phosphorylation also occurs in other HCV genotypes,
phosphorylation of NS5A was analyzed by two-dimensional gel electrophoresis. Here, we report that NS5A from the HCV-2a
genotype was phosphorylated. However, hyperphosphorylation of NS5A occurs in the HCV-1b genotype but not in the -2a
genotype. This result suggests that modification of NS5A phosphorylation reflects the virological features of HCV and that
there are physiological differences in the roles of differently phosphorylated NS5A between HCV genotypes. © 1999 Academic
Press
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lINTRODUCTION
Hepatitis C virus (HCV) is a major causative agent of
loodborne chronic hepatitis as well as sporadic non-A,
on-B-type chronic hepatitis. HCV is a positive-sense,
ingle-stranded RNA virus belonging to a newly classi-
ied genus in Flaviviridae (Choo et al., 1991; Kato et al.,
990; Takamizawa et al., 1991). The virus precursor
olyprotein is produced from the largest open reading
rame of the virus genome, and individual virus proteins
re produced by cleavage of the polyprotein cotransla-
ionally as well as posttranslationally by cellular and viral
roteases (Eckart et al., 1993; Grakoui et al., 1993; Hi-
ikata et al., 1991, 1993a,b; Tanji et al., 1994a,b; Tomei et
l., 1993). Some of the virus proteins are further modified
fter polyprotein processing. For example, nonstructural
A (NS5A) protein is a major phosphoprotein among the
CV proteins (Kaneko et al., 1994). This protein is phos-
horylated mainly at serine residues located in the C-
erminal and central regions of the molecule (Tanji et al.,
995). Previously, we detected at least two types of NS5A
rotein, one which shows slow migration and another
hich migrates faster on sodium dodecyl sulfate–poly-
crylamide gel electrophoresis (SDS–PAGE) (Kaneko et
1 To whom correspondence and reprint requests should be ad-
Cressed. Fax: 81-75-751-3998. E-mail: kshimoto@virus.kyoto-u.ac.jp.
042-6822/99 $30.00
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130l., 1994). The slower-migrating form is the hyperphos-
horylated NS5A produced when the other HCV protein,
S4A, is coproduced. This NS4A-dependent phosphor-
lation occurs on serine residues in the central region of
S5A (Tanji et al., 1995). Phosphorylation of NS5A of
ther HCV genotypes has also been reported (Reed et
l., 1997). However, it remains to be clarified whether
S4A-dependent phosphorylation also occurs in these
ases. Here, we analyzed phosphorylation of NS5A de-
ived from the HCV-2a genotype, which is the genotype
ost distant from HCV-1b according to phylogenetic
lassification (Simmonds et al., 1994; Okamoto et al.,
992). We used two-dimensional gel electrophoresis,
ith isoelectric focusing for the first dimension and size
ractionation for the second dimension, to analyze NS5A
y increasing the resolution of the phosphorylation state
f the protein. We found that hyperphosphorylation of
S5A occurred in the HCV-1b genotype but not in the -2a
enotype.
RESULTS
S4A-dependent hyperphosphorylation of NS5A
erived from HCV-1b but not from HCV-2a
In the absence of NS4A, HCV-1b NS5A is phosphory-
ated at various serine residues including those in the-terminal region of the molecule. The phosphorylated
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131HYPERPHOSPHORYLATION OF HCV NS5Aolecule migrates to the position corresponding to a
olecular mass of 56 kDa on SDS–PAGE. When NS4A is
oproduced, some NS5A molecules are hyperphosphor-
lated and migrate to a position corresponding to 58 kDa.
hus, in the presence of NS4A, HCV-1b NS5A can be
esolved to at least two bands, p56 and p58 (Kaneko et
l., 1994; Tanji et al., 1995). Phosphorylation and hyper-
hosphorylation can also be observed in E-tag-fused
CV-1b NS5A (Fig. 1A, lanes 1 and 2). We used the
-tag-fused NS5A constructs throughout this study be-
ause the amino acid sequence of the major epitope of
S5A is different between HCV genotypes. In HCV-1b,
he radioactivities of the faster and the slower migrating
S5A disappeared after treatment with bacterial alkaline
hosphatase, although the faster migrating form was
etectable by Western blot (Fig. 1A, lane 3). This indi-
ated that NS5A products were phosphorylated and the
lower migrating form was more sensitive to phospha-
ase treatment than the faster migrating form. This is
onsistent with our previous observations (Kaneko et al.,
994) and suggested that the production of the slower
igrating form of NS5A was a result of additional phos-
horylation to the faster migrating form.
NS5A of HCV-2a is 19 amino acid residues larger than
hat of HCV-1b and thus runs more slowly on the gel (Fig.
A, lanes 4–6). NS5A of HCV-2a was also metabolically
abeled by [32P]orthophosphate. Radioactivity of HCV-2a
S5A disappeared after treatment with bacterial alkaline
hosphatase (Fig. 1A, lane 6). This indicated that phos-
horylation of HCV-2a NS5A occurred like that of HCV-1b
S5A. When HCV-2a NS5A was produced together with
FIG. 1. Analysis of phosphorylation of HCV NS5A (A) and of interactio
xpressing NS5A alone or cotransfected with plasmids expressing NS5
f transfected cells were immunoprecipitated with anti-E-tag antibody a
ith bacterial alkaline phosphatase was performed at 65°C for 60 min.
as analyzed by coimmunoprecipitation using anti-E-tag antibody or
agged NS4A were transfected into COS-1 cells and cell lysates were
nd the resultant immune complex was recovered. The immunoprecip
nti-E-tag antibody (a) or by Tricine–SDS–16% PAGE followed by blottiCV-2a NS4A, however, NS5A product was not sepa- aated into two bands by SDS–PAGE as was seen in the
ase of HCV-1b NS5A (Fig. 1A, lanes 2 and 5). These
esults suggested that the major band of HCV-2a NS5A
orresponds to the faster migrating form of HCV-1b
S5A and was not phosphorylated in an NS4A-depen-
ent manner.
CV-2a NS5A is not associated with HCV-2a NS4A
We previously showed that association of HCV-1b
S5A with HCV-1b NS4A is required for NS4A-depen-
ent phosphorylation of NS5A (Asabe et al., 1997). The
ack of hyperphosphorylation of HCV-2a NS5A might
ave been caused by the lack of association of NS5A
ith NS4A. Then, the association of these two proteins
as analyzed by coimmunoprecipitation using anti-E-tag
ntibody for precipitation of NS5A or using anti-FLAG-tag
ntibody to precipitate NS4A protein. In this experiment,
e used NS4A with a FLAG-tag fused to the C-terminus
f the molecule. Cells producing both NS4A and NS5A
erived from the two HCV genotypes were prepared and
he cell lysates were analyzed for association of these
roteins. In the case of HCV-1b, the anti-E-tag antibody
oprecipitated both NS5A and NS4A (Fig. 1B, lane 5), and
he anti-FLAG-tag antibody also coprecipitated NS4A
nd NS5A (Fig. 1B, lane 6). In the case of HCV-2a,
owever, the anti-E-tag antibody precipitated only NS5A
Fig. 1B, lane 11) and the anti-FLAG-tag antibody precip-
tated only NS4A (Fig. 1B, lane 12). This result indicated
hat HCV-2a NS5A did not associate with NS4A derived
rom HCV-2a. Together with our previous report (Asabe et
S5A with NS4A (B). (A) COS-1 cells were transfected with the plasmid
S4A followed by metabolic labeling with [32P]orthophosphate. Lysates
immune complexes were separated by SDS–8% PAGE. The treatment
tern blot; (b) autoradiography. (B) Association of HCV NS5A and NS4A
AG-tag antibody. Plasmids expressing E-tagged NS5A and/or FLAG-
d. The lysates were treated with anti-E-tag or anti-FLAG-tag antibody,
ere separated by SDS–8% PAGE followed by blotting analysis using
lysis using anti-FLAG-tag antibody (b).n of N
A and N
nd the
(a) Wes
anti-FL
prepare
itates wl., 1997) it is shown that NS4A-dependent hyperphos-
p
N
A
g
o
g
c
p
c
t
s
s
a
M
a
A
u
N
s
f
d
s
t
r
N
a
s
w
D
d
h
p
l
w
1
m
N
h
f
t
i
5
o
d
w
5
o
s
p
a
f
o
p
a
r
w
c
N
a
t
p
f ed but
132 HIROTA ET AL.horylation of NS5A is correlated with the association of
S5A with NS4A.
nalysis of phosphorylated NS5A by two-dimensional
el electrophoresis
The failure to detect NS4A-dependent phosphorylation
f HCV-2a NS5A by the one-dimensional SDS–PAGE sug-
ested that the hyperphosphorylated form of NS5A might
omigrate to the same position as the faster migrating
rotein since phosphorylation does not always result in
hanges in migration. Thus, we analyzed phosphoryla-
ion state of NS5A by two-dimensional gel electrophore-
is, i.e., IEF for the first run and SDS–PAGE for the
econd run. E-tagged NS5A derived from genotypes 1b
nd 2a was produced in COS-1 cells as described under
aterials and Methods. The cell lysates were prepared
nd separated by two-dimensional gel electrophoresis.
fter electrophoresis, Western blotting was performed
sing an anti-E-tag antibody. Unexpectedly, HCV-1b
S5A protein corresponding to 56 kDa by one-dimen-
ional SDS–PAGE was split into several spots with dif-
erent pI values, from 4.5 to 5.0 (Fig. 2A). In cells copro-
ucing HCV-1b NS4A, several additional spots corre-
ponding to 58 kDa were observed with pI values of 4.1
o 4.4 (Fig. 2B). HCV-2a NS5A was distributed in the
egion from pI 4.4 to 5.0 with fewer spots than HCV-1b
S5A (Fig. 2C). In the presence of HCV-2a NS4A, the
dditional spot derived from HCV-2a NS5A was not ob-
erved (Fig. 2D). Thus, we concluded that HCV-2a NS5A
FIG. 2. Analysis of phosphorylated NS5A by two-dimensional gel ele
S5A, 5A-2a (C and D) were transfected together with the plasmid exp
nd D), or with the empty vector (A and C). Lysates of these cells were
wo-dimensional gel electrophoresis followed by Western blotting. E
olyacrylamide gels. pI values are shown at the top. The positions of
aster than NS5A in the second run of electrophoresis were unidentifias not hyperphosphorylated by HCV-2a NS4A. deletion of the C-terminal region of HCV-1b NS5A
oes not show significant effect on NS4A-dependent
yperphosphorylation
NS4A-independent phosphorylation (basal phos-
horylation) occurs on serine residues including those
ocated in the C-terminal region of NS5A. Compared
ith HCV-1b NS5A, HCV-2a NS5A has an insertion of
9 amino acid residues in the C-terminal region of the
olecule. To clarify whether the C-terminal region of
S5A plays some role in regulating NS4A-dependent
yperphosphorylation, the 69 amino acid residues
rom the C-terminal of HCV-1b NS5A were deleted and
his C-terminal-deleted NS5A (5ADC-1b) was exam-
ned for hyperphosphorylation by HCV-1b NS4A.
ADC-1b was detected mainly as a single band by
ne-dimensional SDS–PAGE (data not shown). On two-
imensional gel electrophoresis, products of 5ADC-1b
ere scattered into several spots in the region from pI
.6 to 6.2 with the same mobility, but the total number
f 5ADC-1b spots was reduced compared with those
een with intact NS5A (Fig. 3A vs Fig. 2A). In the
resence of HCV-1b NS4A, slower migrating spots
ppeared and these were distributed in the region
rom pI 5.0 to 5.5 (Fig. 3B). Thus, the C-terminal region
f NS5A was not essential for NS4A-dependent hyper-
hosphorylation. In the case of 5ADC-2a, in which 92
mino acid residues were deleted from the C-terminal
egion, several spots of 5ADC-2a with pI from 5.5 to 6.2
ere observed (Fig. 3C). When HCV-2a NS4A was
oproduced, the pattern of 5ADC-2a products on two-
resis. Plasmids expressing HCV-1b NS5A, 5A-1b (A and B), or HCV-2a
NS4A corresponding to the same genotype of NS5A, respectively (B
ed as described under Materials and Methods and were subjected to
horesis in the second dimension was performed through SDS–8%
5A-1b and 5A-2a, are indicated with arrows plus . Spots migrating]
were different from NS5A derivatives.ctropho
ressing
prepar
lectrop
NS5A,imensional gel electrophoresis was unchanged in
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133HYPERPHOSPHORYLATION OF HCV NS5Aerms of number as well as pI values of these spots
Fig. 3D). This confirmed that HCV-2a NS5A was not
yperphosphorylated by HCV-2a NS4A. Increase of the
pot of 5ADC-2a with the highest pI value was ob-
erved when NS4A-2a was coproduced (Figs. 3C and
D). We do not know the reason. Since this spot is the
east phosphorylated or the unphosphorylated form of
he NS5A derivative, it may be possible that the basal
hosphorylation of 5ADC-2a was affected by the pres-
nce of NS4A. However, since we did not observe
uch suppressive effect by NS4A in other derivatives
f NS5A, it is assumed that this suppressive effect, if
ny, might be an artifact to this particular type of NS5A
erivative.
he N-terminal region of NS5A suppresses NS4A-
ependent hyperphosphorylation
The amino acid sequence of NS5A derived from
CV-1b and -2a is relatively highly conserved in the
entral region, whereas it differs to some extent in the
-terminal and N-terminal regions. We were interested in
larifying whether the N-terminal region of NS5A has
ome function in regulating NS4A-dependent hyperphos-
horylation. Previously, we showed that the association
f HCV-1b NS4A with NS5A is important for hyperphos-
horylation of NS5A (Asabe et al., 1997). Moreover, de-
etion of the N-terminal region stimulated hyperphosphor-
lation even in the absence of NS4A (Asabe et al., 1997).
his suggested that in addition to association of the
-terminal region of HCV-1b NS5A with NS4A, the N-
erminal region of HCV-1b NS5A has a suppressive func-
FIG. 3. Effects of the C-terminal region of NS5A on NS4A-depende
erived from HCV-1b, 5ADC-1b (A and B), or from HCV-2a, 5ADC-2a (C a
S4A corresponding to the same genotype of NS5A (B and D) or with the
ere prepared as described under Materials and Methods and were
alues are shown at the top. The positions of NS5A derivatives 5ADCion on NS4A-dependent hyperphosphorylation. In con- (rast to the case of HCV-1b NS5A hyperphosphorylation,
S4A-dependent hyperphosphorylation of HCV-2a NS5A
as not observed. Then, we examined whether deletion
f the N-terminal region of HCV-2a NS5A had any effect
n NS4A-dependent hyperphosphorylation.
Deletion of 129 amino acid residues from the N-termi-
al region of HCV-1b NS5A (5ADN-1b) resulted in pro-
uction of the hyperphosphorylated form even in the
bsence of HCV-1b NS4A. The faster migrating 5ADN-1b
as distributed in the region of pI values from 4.1 to 4.6,
hereas the slower migrating forms were split from 3.8
o 4.0 (Fig. 4A). pI values of these products were not
hanged even when NS4A was coproduced but the
mount of slower migrating forms was increased (Fig.
B). Products of HCV-2a NS5A with deletion of the N-
erminal 127 amino acid residues (5ADN-2a) correspond-
ng to the faster migrating form were separated from
hose with pI 4.3 to 4.4 (Fig. 4C). Production of 5ADN-2a
ave a few spots, including a major spot at pI 4.4, by
wo-dimensional gel electrophoresis. However, copro-
uction of HCV-2a NS4A with 5ADN-2a resulted in accu-
ulation of NS5A with a pI value of 4.3. Production of the
ore acidic form of NS5A was not detected (Fig. 4D).
hese results indicated that although the intact form of
CV-2a NS5A was not hyperphosphorylated by HCV-2a
S4A, hyperphosphorylation occurred when the N-termi-
al region was deleted. Thus, it is likely that the N-
erminal region of NS5A of both genotypes has a sup-
ressive function on NS4A-dependent hyperphosphory-
ation. Interaction of 5ADN-2a with HCV-2a NS4A
xamined by coprecipitation analysis was not observed
rphosphorylation. Plasmids expressing the C-terminal-deleted NS5A
ere transfected into COS-1 cells together with the plasmid expressing
vector (A and C). The cells were incubated for 48 h at 37°C and lysates
ted to two-dimensional gel electrophoresis as described in Fig. 2. pI
-2a are indicated with arrows plus .]nt hype
nd D), w
empty
subjecdata not shown).
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134 HIROTA ET AL.DISCUSSION
Previously, we showed the presence of two forms of
CV-1b NS5A with different degrees of phosphorylation
t serine residues in the molecule (Kaneko et al., 1994;
anji et al., 1995). In this study, we observed that HCV-2a
S5A was phosphorylated, but not hyperphosphory-
ated, by HCV-2a NS4A. HCV-2a NS5A did not associate
ith HCV-2a NS4A, unlike the association observed in
CV-1b. Although these results supported our previous
bservation that NS4A-dependent hyperphosphorylation
f NS5A was correlated with the association of NS5A
ith NS4A, we failed to observe the interaction of the
-terminal-deleted NS5A of HCV-2a, 5ADN-2a, with
CV-2a NS4A. 5ADN-2a could be hyperphosphorylated
hen HCV-2a NS4A was coproduced, although the de-
ree of the hyperphosphorylation was not as great as
hat observated in case of HCV-1b NS5A (Figs. 4C and
D). It may be possible that HCV-2a NS4A interacts with
ADN-2a so weakly that such an interaction cannot be
etected by the coimmunoprecipitation experiment used
n this study. Alternatively, NS4A may have an additional
unction, such as stimulation of a kinase which is respon-
ible for phosphorylation of NS5A, and such function
ight not be highlighted in our previous work because of
ts weakness.
We revealed the presence of multiple forms of NS5A
olecule differing in degree of phosphorylation by two-
imensional gel electrophoresis. Both slower and faster
igrating forms of HCV-1b NS5A were resolved into
everal spots with different pI values by IEF. All these
pots assembled to nearly one spot with a higher pI
FIG. 4. NS4A-dependent hyperphosphorylation of the N-terminal-de
-terminal-deleted NS5A, 5ADN-1b or -2a, derived from HCV-1b (A and B
S4A corresponding to the same genotype of NS5A (B and D) or w
wo-dimensional gel electrophoresis as described for Fig. 2. pI values
ADN-1b and -2a, are shown with arrows plus .]alue of 5.0 after treatment with alkaline phosphatase, wndicating that a heterogeneous population of NS5A is
roduced by different degrees of phosphorylation (data
ot shown). There are several conserved serine residues
istributed in the central and the C-terminal regions of
S5A among HCV genotypes. The amino acid se-
uences surrounding the putative phosphorylation sites
n NS5A suggested that several kinases, including ca-
ein kinase II and proline-directed kinases, are involved
n phosphorylation. Although there is no direct evidence
hat NS5A is phosphorylated by these kinases in vivo, it
as shown that inhibitors of these kinases suppressed
hosphorylation of NS5A (Reed et al., 1997). NS5A was
lso shown to interact with a double-stranded RNA-
ctivating protein kinase (Gale et al., 1997) or a cellular
rotein kinase (Ide et al., 1997). The former, however,
oes not seem to phosphorylate NS5A. A cellular kinase
s well as a cAMP-dependent protein kinase A a cata-
ytic subunit was shown to phosphorylate NS5A in vitro
Ide et al., 1997).
The presence of several isoforms of NS5A differing in
egree of phosphorylation suggests that cellular kinases
re inefficiently involved in independent or interdepen-
ent phosphorylation of the target sites. Previously, we
howed that mutation of some serine residues in the
entral region of HCV-1b NS5A affected hyperphosphor-
lation by NS4A, although mutation of other serine resi-
ues did not (Tanji et al., 1995). This suggested the
resence of hierarchical serine residues, phosphoryla-
ion of which influences the phosphorylation of those
arther down the hierarchy. It is worth mentioning here
hat NS5A contains a recognition site for casein kinase II
S5A. COS-1 cells were cotransfected with plasmids expressing the
rom HCV-2a (C and D), respectively, together with plasmids expressing
ty plasmid (A and C). Cell lysates were prepared and subjected to
own at the top. The positions of N-terminal-deleted NS5A derivatives,leted N
) and f
ith emp
are shhich often acts as a primary protein kinase in the
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135HYPERPHOSPHORYLATION OF HCV NS5Aierarchical phosphorylation process (Roach, 1991). Us-
ng two-dimensional gel electrophoresis, we observed
hat several spots of the hyperphosphorylated form of
CV-1b NS5A shifted to smaller pI values when phos-
horylated at many serine residues. This suggested that
S4A-dependent hyperphosphorylation induces multi-
ite phosphorylation by interdependent mechanisms.
There are several groups of HCV according to phylo-
enetic analysis. Groups 1 and 2 are the most divergent
Simmonds et al., 1994; Okamoto et al., 1992). These two
roups can be distinguished serologically by different
eactivity to the epitope present in NS4 corresponding to
mino acid residues 1676 to 1760 (Tanaka et al., 1994).
S4A-dependent hyperphosphorylation of NS5A can be
bserved in the HCV-1b genotype corresponding to
roup 1, but not in HCV-2a in group 2. This result sug-
ests that modification of NS5A phosphorylation reflects
ifferent virological features of HCV between the two
roups of HCV. Although the roles of NS5A, as well as
hosphorylation of this molecule in virus replication, re-
ain to be clarified, our results suggested that NS5A has
ifferent physiological roles between these two groups
f HCV.
MATERIALS AND METHODS
onstruction of plasmids
The plasmids pCMV/5A1-447E, which expresses
CV-1b NS5A tagged with E-tag at the C-terminus, and
CMV/5A130-447E, expressing the N-terminal-deleted
CV-1b NS5A, were generated by replacing the AccI–
laI fragment of pCMV/N2130-2419E (Asabe et al., 1997)
ith the AccI–ClaI fragment of pCMV/N1973-2419
FIG. 5. Structures of NS5A derivatives of HCV genotype 1b and 2a u
op. Open boxes below the polyprotein indicate the schematic structur
o the C-termini of the HCV NS5A sequences. Amino acid residues arKaneko et al., 1994) and pCMV/N2100-2419 (Asabe et al., T997). Plasmid pCMV/5A1-378E, expressing the C-termi-
al-deleted HCV-1b NS5A, was constructed by inserting
he PstI–EcoRI fragment of a PCR product amplified
sing pCMV/N729-3010 (Hijikata et al., 1993a) as a
emplate with a positive-stranded primer, 59-CCGAAGCT-
CTCGAGATGTCCGGCTCGTGGCTA-39, and a negative-
tranded primer, 59-TTGAATTCCTTAGTAGCCAGCTC-
GCC-39, into the PstI–EcoRI site of pCMV/C-E-tag
Asabe et al., 1997). The resultant plasmids, pCMV/5A1-
47E, pCMV/5A130-447E, and pCMV/5A1-378E, encode
S5A-derived proteins consisting of 1 to 447 aa, 130 to
47 aa, and 1 to 378 aa of HCV-1b NS5A, respectively,
used to an E-tag sequence at their C-termini (Fig. 5).
ames of proteins produced from these plasmids are
bbreviated 5A-1b, 5ADN-1b, and 5ADC-1b, respectively,
s shown in parentheses in Fig. 5. Construction of plas-
id pCMV/N1658-1711, which encodes HCV-1b NS4A
as been described previously (Kaneko et al., 1994). To
btain expression plasmids of HCV-2a NS4A and NS5A
roteins, the cDNA clone encoding the HCV-2a gene
Kohara et al., unpublished) was used. Plasmids pCMV/
A1-466(2a)E and pCMV/5A128-466(2a)E were gener-
ted by inserting the PstI–EcoRI fragment of the PCR
roduct amplified using the HCV-2A cDNA clone as a
emplate with positive-stranded primer 59-TGCACTG-
AGCCTAGGCCGGCTCGTGGCTC-39 and negative-
tranded primer 59-CTGCGAATTCGCAGCACAC-
ACGGA-39 and with positive-stranded primer
9-CATTCTGCAGCCATGTCCTACATAACGGGATTG-39
nd negative-stranded primer 59-CTGCGAATTCGCAG-
ACACGACGGA-39, respectively, into the PstI–EcoRI site
f pCMV/C-E-tag. pCMV/5A1-374(2a)E was constructed
y inserting the linkers 59-CCATCAAGG-39 and 59-AAT-
this study. The HCV precursor polyprotein structure is indicated at the
CV NS5A derivatives. Hatched boxes indicate an E-tag fused in-frame
ered from the N-termini of HCV-1b and -2a NS5A.sed in
es of HCCTTGATGG-39 into the MscI–EcoRI site of pCMV/5A1-
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136 HIROTA ET AL.66(2a)E. The resultant plasmids, pCMV/5A1-466(2a)E,
CMV/5A128-466(2a)E, and pCMV/5A1-374(2a)E, ex-
ressed NS5A-derived proteins encoding amino acid
esidues from 1 to 466 and from 128 to 466 of HCV-2a
S5A, respectively, as shown in Fig. 5. Plasmid pCMV/
S4A(2a), which expresses HCV-2a NS4A protein, was
enerated by inserting the PstI–EcoRI fragment of the
CR product obtained by using the HCV-2a cDNA as a
emplate with the primers 59-TGCACTGCAGCCATGAG-
ACATGGGTCCTG-39 and 59-CTACGAATTCTCATTAA-
ATTCCTCCATCTA-39 into the PstI–EcoRI site of pKS(1)/
MV.
Plasmid pCMV/NS4AFLAG, which expresses FLAG-
agged HCV-1b-derived NS4A, was generated by insert-
ng the PstI–EcoRI fragment of pCMV/N1658-1711E
Asabe et al., 1997) into the PstI–EcoRI site of pCMV/
LAG. pCMV/NS4A(2a)FLAG, which expresses FLAG-
agged HCV-2a NS4A, was constructed by inserting the
stI–EcoRI fragment of pCMV/NS4A(2a) and the linkers
9-ATGAGGCTTTTGATGAGATGGAGGAATGTG-39 and 59-
CCATCTCATCAAAAGCCT-39 into the PstI–EcoRI site of
CMV/FLAG.
ransfection and protein expression
Approximately 8 3 104 COS-1 cells were plated on
5-mm plastic tissue culture dishes. After 1 day of cul-
ure, a total of 2 mg of plasmid DNA was transfected
sing the FuGENE 6 Transfection Reagent (Boehringer).
he cells were incubated for 48 h after transfection.
xpression of protein in cells was examined by SDS–
AGE followed by Western blotting analysis as described
reviously (Hijikata et al., 1993a).
etabolic labeling with [32P]orthophosphate
COS-1 cells were transfected with NS5A expression
lasmids for 40 h before metabolic labeling. The cells
ere incubated with 1 ml of phosphate-free Dulbecco’s
odified eagle medium (D-MEM; GIBCO BRL) with 10%
ialyzed FBS for 1 h and further incubated with 1 ml of
hosphate-free D-MEM with 10% dialyzed FBS supple-
ented with 100 mCi of [32P]orthophosphate (ICN) for 4 h.
mmunoprecipitation
Cells were washed with cold phosphate-buffered sa-
ine and lysed with 0.1 ml of 1% SDS–RIPA buffer con-
aining 50 mM Tris–HCl (pH 7.2), 150 mM sodium chlo-
ide, 1% Triton X-100, and 1% sodium deoxycolate. Cell
ysates were boiled and diluted 10-fold with RIPA buffer.
ne milliliter of the lysates was preadsorbed with 30 ml
f protein G–Sepharose suspension (Pharmacia) for 1 h.
fter centrifugation, the supernatant was incubated with
nti-E-tag antibody for 1 h. The immune complexes were
ecovered by adsorbing to protein G–Sepharose. The
omplex was washed three times with high-salt washing
uffer containing 1% NP-40, 10 mM Tris–HCl (pH 7.5), 500M sodium chloride, and 2 mM magnesium chloride and
wice with washing buffer containing 1% NP-40, 10 mM
ris–HCl (pH 7.5), 150 mM sodium chloride, and 2 mM
agnesium chloride. The immunoprecipitates were dis-
olved in sample buffer containing 125 mM Tris–HCl (pH
.8), 4% SDS, 150 mM 2-mercaptoethanol (2-ME), 20%
lycerol, and 0.01% bromophenol blue (BPB) and boiled
or 5 min. The samples were separated by SDS–8% PAGE
nd visualized by autoradiography.
lkaline phosphatase treatment
The cell lysates were immunoprecipitated with anti-E-
ag antibody. The immune complexes recovered by pro-
ein G–Sepharose were resuspended in BAP buffer con-
aining 1 M Tris–HCl (pH 8.8), 2 mM magnesium chloride,
mM dithiothreitol (DTT), and 1 mM phenylmethylsulfo-
yl fluoride. Three units of Escherichia coli alkaline phos-
hatase was added to the samples and they were incu-
ated at 65°C for 60 min. The immunoprecipitates were
nalyzed by SDS–8% PAGE.
wo-dimensional gel electrophoresis
The cells were lysed with 0.1 ml of cold lysis buffer,
hen sonicated and stored at 280°C until use. The fol-
owing reagents were added to aliquots of 20 ml of the
ysate: 30 mg of urea, 6 ml of 10% NP-40, 3 ml of 2-ME, 3
l of Pharmalyte 3-10 (Pharmacia), and 0.3 ml of 1% SDS.
he mixture was incubated at 37°C for 30 min and then
t 80°C for 2 min. Isoelectric focusing electrophoresis
IEF) was performed using Immobiline DryStrips (pH 3 to
0, 18 cm; Pharmacia) and for 120,000 V h. Before use,
he strips were rehydrated overnight in hydration buffer
ontaining 8 M urea, 0.5% NP-40, 10 mM DTT, 0.2%
harmalyte 3-10, and 1% orange G. After isoelectric fo-
using, the gels were equilibrated twice at 40°C for 15
in with gentle shaking in 10 ml of equilibration buffer
ontaining 62.5 mM Tris–HCl (pH 6.8), 2% SDS, 0.7 mM
-ME, and 0.002% BPB. The equilibrated gels were ap-
lied to SDS–polyacrylamide gels and electrophoresed.
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